Semen samples collected from 28 male partners of infertile couples were divided into three equal aliquots and prepared with three selected media, such as PureSperm  (Nidacon, Gothenburg, Sweden), Sil-Select Plus TM (Fertipro, Beernem, Belgium) and SpermGrad TM (Vitrolife, Gothenburg, Sweden). The differences in mean percentages of semen parameters were assessed by repeated measures analysis. Correlations of sperm DNA damage, as measured by terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assay, and of protamine deficiency, as measured by chromomycin A3 (CMA3) staining with sperm parameters, were determined by Pearson's correlation. After preparation with all three media, sperm concentrations decreased (P < 0.05) while percentages of sperm with normal morphology increased (P < 0.05). Percentages of sperm motility, rapid motility and progressive motile concentration (PMC) increased (P < 0.05) for each of these parameters, PureSperm preparation gave the best results (P < 0.05). The percentage of DNA damage decreased in the PureSperm and Sil-Select Plus preparations (17.9% and 31.3%, respectively, P < 0.05) and increased in the SpermGrad preparation (56.3%, P < 0.05). Protamine deficiency also decreased in all three kinds of media, 59.3%, 47.7% and 40.3% for PureSperm, Sil-Select Plus and SpermGrad preparations, respectively (P < 0.05). The percentage of DNA-damaged sperm was negatively correlated with the percentages of sperm motility, rapid motility and PMC, but was positively correlated with static motility (P < 0.05). This comparative study and correlation analysis revealed that PureSperm preparation yielded sperm with the best motility and the lowest percentage of protamine deficiency. The Sil-Select Plus preparation yielded sperm with the lowest amount of DNA damage. The SpermGrad preparation had a high percentage of sperm with normal morphology, but also had the highest percentage of sperm with DNA damage. Sperm DNA damage was correlated with percentages of sperm motility, rapid motility, static motility and PMC. 
Introduction
It is well known that semen quality is a significant factor for determining the success of pregnancy, apart from oocyte and endometrial quality. A semen prepa-272 npg
Materials and methods
This prospective study was performed in 28 males from infertile couples who attended the fertility clinic at Thammasat University Hospital (Bangkok, Thailand) in 2007. Semen analysis was processed according to World Health Organization (WHO) [19] and Kruger strict criteria [20] . The semen samples were divided into three equal aliquots and prepared with three sperm preparation media (PureSperm, Sil-Select Plus and SpermGrad). Sperm analysis parameters of the three preparations were compared. Sperm concentration, motility and progressive motile concentration (PMC), which is defined as all sperm having an average pathway velocity higher than the medium velocity and having a straightness of more than 70%, were measured by computer-aided sperm analysis. Sperm morphology was assessed by Papanicolaou staining, based on Kruger strict criteria [20] . Evaluation of DNA damage by terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assay and evaluation of protamine deficiency by chromomycin A3 (CMA3) staining were also performed. On the basis of the data from previous studies [16] , a calculated sample size of 28 men from infertile couples was included in this study. Analysis of differences in the mean percentages of each sperm parameter for all three media was performed by repeated measures. Pearson's correlation was used to determine correlations between semen parameters and sperm DNA integrity. Statistical significance was set at P < 0.05.
Results
The results of the comparative study of sperm parameters, DNA damage and protamine deficiency between pre-and postpreparation semen samples are presented in Table 1 . The sperm parameters obtained with all three media were the followings: the sperm concentration was decreased (P < 0.05) but the percentages of sperm motility, PMC and rapid motility were greatly increased (P < 0.05), where the percentages of slow motility were decreased (P < 0.05), the percentages of normal sperm morphology were also increased (P < 0.05) where the percentages of sperm head defects were decreased (P < 0.05). The percentages of DNA-damage sperm decreased after preparation with PureSperm and Sil-Select Plus (P < 0.05) but increased after preparation with SpermGrade (P < 0.05). The percentages of protamine deficiency decreased after preparation with all three media (P < 0.05). ration medium that results in good semen parameter yields is also an important factor in the treatment of infertility. Routine semen analysis parameters have been used to predict good yield results. However, genetically abnormal sperm may appear motile and morphologically normal [1] .
A positive relationship between poor sperm parameters and DNA damage in spermatozoa points to inherent spermatogenesis problems in specific patients [2] . The mechanisms of DNA damage in human spermatozoa include defective sperm chromatin packing, apoptosis and oxidative stress [3] [4] [5] . Protamine has a critical role in spermatid differentiation; protamine deficiency can lead to sperm DNA damage and embryonic death in mice [6] .
Functionally, it appears that protamines are required for zona pellucida binding and penetration abilities [7] .
To obtain the largest number of sperms with normal morphology and the highest percentage of motility while avoiding toxic effects, efficient sperm preparation is required for infertility treatment. Percoll TM gradient density (Kabi Pharmacia, Uppsala, Sweden) has been used effectively, and has been approved for sperm selection since 1988 [8] [9] [10] [11] owing to its superior selection ability compared with simple washing or swim-up preparations [12] [13] [14] [15] . However, several preparation media that use centrifugation gradients have been studied [8] [9] [10] [11] . Among them, PureSperm yielded similar sperm parameters to those of Percoll and could be considered a suitable substitute for Percoll, which was abandoned in 1996 owing to toxicity [16] . On the other hand, SpermGrad and Sil-Select Plus had average parameter values, and Optiprep had poor sperm concentration values. Although Isolate had optimal concentration values, its selection was unsatisfactory, because it produced a large number of immotile sperm [17] . PureSperm was reported to yield better sperm concentrations when compared with Isolate or the swimup method [18] .
The first aim of this study was to compare the effects of three selected semen preparation media, PureSperm (Nidacon, Gothenburg, Sweden), Sil-Select Plus (Fertipro, Beernem, Belgium) and SpermGrad (Vitrolife, Gothenburg, Sweden), on semen analysis parameters, DNA damage and protamine deficiency in postpreparation spermatozoa. The second aim was to determine the correlations between semen analysis parameters and sperm DNA integrity (DNA damage and protamine deficiency) in postpreparation samples. npg A significant positive correlation was found between the percentage of DNA damage and the percentages of slow motility sperm and tail defect sperm of prepreparation semen (P < 0.05). A significant negative correlation was found between the percentage of protamine-deficient sperm and the percentage of rapid motility sperm of pre-preparation semen (P < 0.05). These correlations are shown in Table 2 .
A comparison of mean sperm parameter values and of sperm DNA integrity for each postpreparation media are shown in Table 3 ; no significant difference in sperm concentration was found for any of the three media. By contrast, significant differences (P < 0.05) in the mean percentages of sperm motility, rapid motility and PMC were observed among the three media; PureSperm had the highest values (79.0%, 77.2% and 71.0%, respectively), followed by SpermGrad (69.8%, 69.4% and 65.9%, respectively) and Sil-Select Plus (64.2%, 62.5% and 58.8%, respectively). Percentages of sperm with slow motility after PureSperm and SpermGrad preparations were lower when compared with that after Sil-Select Plus preparation (10.5%, 11.2% and 18.5%, respectively; P < 0.05). The PureSperm preparation had the lowest percentage of sperm with static motility (10.6%, 17.4% and 18.5%, respectively; P < 0.05). Percentages of sperm with normal morphology and head defects obtained with the SpermGrad preparation were found to be higher and lower, respectively, than those obtained with Sil-Select Pluspreparation (44.3% vs. 40.9% and 46.5% vs. 51.5%, respectively; P < 0.05). These two parameters were not significantly different for the PureSperm preparation from those of the other two media.
The Sil-Select Plus preparation gave the lowest percentage of DNA damage, followed by the PureSperm and SpermGrad preparations (9.5%, 11.3% and 21.5%, respectively; P < 0.05). The PureSperm preparation had the lowest value of protamine deficiency, followed by the Sil-Select Plus and SpermGrad preparations (9.0%, 11.6% and 13.2%, respectively; P < 0.05). Tables 4, 5 and 6 show the correlations between DNA integrity and semen parameters for all postpreparation media. The percentage of DNA-damaged sperm was negatively correlated with the percentages of sperm motility, rapid motility and PMC (P < 0.05), and positively correlated with the percentage of static motility sperm (P < 0.05).
Discussion
When the results of all three sets of postpreparation semen samples were compared, the percentages of sperm motility, rapid motility and PMC obtained with PureSperm preparation were the highest, followed by those with SpermGrad and Sil-Select Plus preparations. The percentages of slow motility sperm after PureSperm and SpermGrad preparations were lower than that npg after Sil-Select Plus preparation, whereas the percentage of static motility sperm after PureSperm preparation was lower than that after Sil-Select Plus or SpermGrad preparations. The percentages of normal morphology sperm and sperm head defects obtained with SpermGrad preparation were higher than those after Sil-Select Plus preparation, but were comparable with those of PureSperm preparation. When the DNA integrity of postpreparation semen samples was compared, the percentages of DNA-damaged sperm from the Sil-Select Plus and PureSperm preparations were decreased (the Sil-Select Plus preparation yielded the lowest value), but the percentage of DNA-damaged sperm from the SpermGrad preparation was increased. The percentages of protamine-deficient sperm for all three media preparations were decreased; the PureSperm preparation had the lowest percentage, followed by the Sil-Select Plus and SpermGrad preparations.
The results obtained in this study, when compared with those of other studies [16, 21] , revealed that PureSperm preparation yielded the best sperm motility, rapid motility and PMC, as well as the lowest percentage of protamine-deficient sperm. Sil-Select Plus preparation gave the lowest amount of sperm DNA damage, but also resulted in a low percentage of motile sperm. The SpermGrad preparation gave the highest percentage of DNA-damaged sperm, a higher percentage of normal morphology sperm and fewer sperm with head defects npg than did Sil-Select Plus preparation, but with values comparable with those of PureSperm preparation. The three preparation media yielded different results, hence the clinical applications of these results should be considered according to the methods of infertility treatment, the results of sperm parameters and the DNA integrity after sperm preparation. The effect of gradient centrifugation on the percentage of sperm with DNA impairment may or may not have an impact on assisted reproduction outcomes; possible effects need to be studied further in future clinical trials.
The negative correlation found in this study between sperm motility, rapid motility and PMC with sperm DNA damage after preparation with all three media were similar to those of a recent study, which reported that early apoptotic sperm numbers were negatively correlated with sperm motility [22] . This finding may be used in a clinical setting to indirectly evaluate sperm DNA quality by measuring sperm motility yields. For example, when we want to select good-quality sperm for intracytoplasmic sperm injection, we may also select the sperm with the highest motility, apart from normal morphology, as high motility correlates with the lowest amount of DNA damage. However, such a correlation could not be applied to prewashed semen or across each postpreparation semen sample with a different preparation medium, because each medium gave different and contrasting yields. For instance, the PureSperm preparation resulted in the best sperm motility, but with higher levels of sperm DNA-damage than Sil-Select Plus preparation, whereas Sil-Select Plus preparation had the smallest effect on increasing sperm motility, but yielded sperm with the highest percentage of normal DNA. SpermGrad preparation had fair sperm motility, but had the worst effect on sperm DNA. This discrepancy may be due to the unique chemical composition of each medium.
Conclusion
PureSperm preparation yielded the best sperm motility, rapid motility and PMC, with the lowest percentage of protamine-deficient sperm and a low percentage of DNA-damaged sperm. Sil-Select Plus yielded sperm with the lowest amount of DNA damage, but yielded a low percentage of motile sperm. SpermGrad preparation yielded the highest percentage of DNA-damaged sperm, but had better normal sperm morphology with fewer sperm head defects than those of the Sil-Select Plus preparation. The percentages of sperm motility, PMC, rapid motility and static motility correlated significantly with sperm DNA damage and may be used to predict the DNA quality of sperm from the postpreparation semen samples prepared with each medium.
